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The paper consists of the two parts that are devoted to separate problems and hence seem to be 
independent of each other but for a first look only. In the Part one the field-to-particle transition 
formalism is applied to the sigma model (field counterpart of string theory), dilaton gravity and 
gauged supergravity 0-brane solutions. In addition to the fact that the field-to-particle transition is 
of interest itself it can be regarded also as the nontrivial dynamical dimensional reduction which takes 
into account field fluctuations as well as one can treat it as the method of the consistent quantization 
in the vicinity of the nontrivial vacuum induced by a field solution. It is explicitly shown that in all 
the cases the end product of the approach is the so-called non-minimal point particle. In view of this 
it is conjectured that this is not a mere coincidence, and point particles are not only the end product 
of the field theory but also the underlying base of material world's hierarchy: if high-dimensional 
point particles are the base then the strings can be regarded as their path trajectories, etc. The Part 
two is devoted to the formal axiomatics of the string-brane approach - there we deepen the above- 
mentioned conjecture and make it more accurate. It is shown that a point particle can be regarded as 
an extended object from the viewpoint of a macroscopic measurement - it is actually observed as the 
"cloud" consisting of the particle's virtual paths, therefore, for an observer the real particle cannot 
be seen as a point object anymore. However, it cannot be supposed also as a continuous extended 
object unless we average over all the deviations. Once we have performed the averaging we obtain 
the extended object, metabrane, which can be considered "as is", i.e., regardless of the underlying 
microstructure because it possesses the new set of the (collective) degrees of freedom. This brane 
may appear to be the composite string-brane object consisting of the microscopical objects (strings) 
and cosmological-size ones (3-brane) where the size of a corresponding embedding is governed by 
the weight constants arising along with the decomposition. Finally, we outline the picture which 
unifies both parts and sets the role of each of them. 
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I. INTRODUCTION 

In the part one of present paper we try to achieve the 
three main aims: (i) construction of the consistent classi- 
cal and quantum field-to-particle transition formalism for 
the Af-component 2D sigma model, (ii) application of this 
approach to classical and quantum dilaton gravity, (iii) 
application to supergravity 0-brane solutions and con- 
nection with the holographic principle. Let us consider 
them in more details. 

Field-to-particle transition. The study of the field-to- 
particle transition formalism itself lies within the well- 
known dream program of constructing a theory which 
would not contain matter as external postulated entity 
but would consider fields as sources of matter and parti- 
cles as special field configurations. Such a program was 
inspired probably first by Lorentz and Poincare and since 
that time many efforts have been made to come it into 
reality, one may recall the Einstein's, Klein's and Heisen- 
berg's attempts. The discovery of fcrmionic fields and 
success of Standard Model decreased interest to such the- 



ories but, nevertheless, the problem of the origin of mat- 
ter remains to be still open and important, especially in 
what concerns the theoretical explanation of the funda- 
mental properties of observable particles. 

The most intuitive idea here is to regard the localized 
field solutions as the corpuscles of matter. However, if 
one tries to fit such a field solution in the particle in- 
terpretation one eventually encounters the problem of 
how to treat the field fluctuations in terms of particle 
degrees of freedom. In fact, it is caused by the fact that 
a field solution is still a field and hence it has an infi- 
nite number of degrees of freedom whereas a particle has 
a finite number of them. Therefore, it is necessary to 
correctly handle this circumstance to be protected from 
deep contradictions. Thus, in Sec. II A we demonstrate 



the field-to-particle transition for the A^-component 2D 
sigma model or, equivalently, simple bosonic string in the 
Af-dimensional spacetime (the latter is supposed flat for 
simplicity but the external potential U is included and 
can be treated as effective). Minimizing the action with 
respect to field fluctuations around a chosen solution, we 
remove zero modes and eventually obtain the effective 
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point-particle action where the non-minimal curvature- 
dependent (rigidity) terms jl[ are caused by t he fluctua- 
tions in the vicinity of the solution. Sec. [I B is devoted 



to quantization of the effective action as a constrained 
mechanics with higher derivatives. There we discuss the 
recent state of the theory and we calculate the quantum 
corrections to the mass of such a field/string- induced par- 
ticle. 

Field-to-particle transition and dilaton gravity. It is 
well-known that the black holes and singularities arise 
in gravity as field solutions of the corresponding equa- 
tions of motion. On the other hand, from the viewpoint 
of general relativity the point particle can be regarded 
as the pointwise singularity - either non-coordinate and 
naked or hidden under horizon (black hole). As a rule, 
people make no difference between the concepts "black 
hole as a field solution" and "black hole as a particle" . 
However, in view of the previous paragraph the field solu- 
tion and naively associated particle are not the identical 
entities, and it may result in contradictions when consid- 
ering the perturbational, statistical and quantum aspects 
of the black hole theory. The two-dimensional theory of 
gravity M seems to be a good place of demonstration of 
how the field nature of a black hole should be properly 
taken into account. The success of the field-to-particle 
approach in the 2D dilaton gravity is very important, es- 
pecially, if one recalls that the latter can be viewed also 
as a dimensional reduction of the 3D BTZ black hole 
HQ and spherically symmetric solution of 4D dilaton 
Einstein-Maxwell gravity used as a model of evaporation 
process of a near-extremal black hole || . 

Using the property that the gauged dilaton gravity can 
be regarded as a sigma model and keeping in mind the ap- 
proach developed in Sec. |n], we demonstrate how for any 
given localized dilaton-metric solution (having the global 
properties of either a black hole or a naked singularity) 
one can consistently perform the field-to-particle transi- 
tion (taking into account the fluctuations of the dilaton 
field and metric) and obtain the action of the nonmini- 
mal particle with the rigidity caused by field fluctuations. 
In fact, only then it is possible to consistently quantize 
the field solution, and we demonstrate how to do it in 
a standard and uniform way within frameworks of the 
(nonminimal) quantum mechanics of Sec. II B, empha- 
sizing on the corrections to mass spectrum. Besides, it 
should be noted that the main results are obtained in 
a non-perturbative way that seems to be important for 
highly non-linear general relativity. 

One may ask the following question: there already ex- 
ists the wide literature devoted to classical and quantum 
aspects of the theory ^,^| so what are the advantages of 
the quantization based on the nonminimal-particle ap- 
proach? The answer is evident if one understands that 
the quantizations in the vicinity of the trivial vacuum 
(the classical ground state is zero or at least a constant) 
and in the vicinity of the nontrivial vacuum (the ground 
state - classical field solution - is some function of coor- 
dinates) differ from each other. The latter is more com- 



plicated because of, first of all, the appearance of zero 
modes ||. Therefore, to correctly quantize a black hole it 
is necessary to quantize the gravity in the vicinity of such 
a nontrivial vacuum (= classical black hole solution) and 
handle the above-mentioned features. The theory based 
on a field-to-particle transition, where there is no rigid 
fixation of spatial symmetry and where field fluctuations 
and zero modes are properly taken into account, does it. 

Field-to-particle transition and holography. In Sec. IV 
we demonstrate how 0-brane solutions of the general su- 
pergravity in arbitrary spacctime dimensions D can be 
described in terms of the mechanics of non-minimal par- 
ticles with rigidity as well as how this circumstance ap- 
ears to be in agreement with the holographic principle 
and, finally, how it is related to the AdS/CFT conjec- 
ture [ ju| . The holographic principle in its most radical 
form suggests that a bulk c?-dimensional theory is equiv- 
alent to a boundary (rf — I)-dimensional theory. In our 
case the bulk theory is the two-dimensional (gauged) su- 
pergravity whereas the corresponding boundary theory 
will be shown to be given by the nonminimal mechanics 
with rigidity. The latter is invariant under the transfor- 
mations of the proper parameter s, and one may recall 
another diff-invariant candidates for the role of a 0-brane 
boundary theory, thegeneralized conformal mechanics of 
a probe 0-brane |pT| , ^2[ and the De Alfaro-Fubini-Furlan 
model coupled to an external non-integrable source p3[ , 
which fulfil the Maldacena's conjecture. However, the 
probe mechanics by construction takes into account nei- 
ther the field fluctuations near the brane solution nor 
arising zero modes whereas the roles of both are very im- 
portant, following the aforesaid and Sec. ||. If one prop- 
erly considers these aspects when performing the con- 
sistent field-to-particle transition then the appearance of 
non-minimal, depending on world-line curvature, terms 
is inevitable. 

In Sec. [v| we discuss the part one (Sees. || - |iv| ) 
and make the conjecture upon whether a point-particle 
theory could be the the underlying theory of the strings 
and branes which are regarded now as the basis of modern 
high-energy physics. 

Further, the successive Sec. VI begins the (self- 
sufficient) part two which aims to justify the proposed 
conjecture by putting a concrete physical mechanism for- 
ward. There it is demonstrated how the taking of quan- 
tum uncertainty into account leads to the "transmuta- 
tion" of a point particle into the extended (brane-like) 
object. In particular, we demonstrate the differences be- 
tween the proposed approach and the matrix theory |T^ ] 
which also exploits the quantum point-particle concept 
but in quite different context. Also we discuss the cos- 
mological consequences in the context of the string-brane 
world. 

Final conclusions and unresolved problems are given 
in Sec. VII where we attempt to unify the part one and 



part two into an integral picture and clearly point out 
the role and the place of each of them. 
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II. EFFECTIVE NONMINIMAL- PARTICLE 
ACTION FROM SIGMA MODEL (STRING) 

In this section we will construct the nonlinear effective 
action of the sigma model (bosonic string) in the vicinity 
of a localized solution, and then consider its quantum 
aspects. In fact, here we will describe the procedure of 
the correct transition from field to particle degrees of 
freedom. Indeed, despite the localized solution resembles 
a particle both at classical and quantum levels, it yet 
remains to be a field solution with infinite number of 
field degrees of freedom whereas a true particle has a 
finite number of degrees of freedom. Therefore, we are 
obliged to correctly handle this circumstance (as well as 
a number of others) otherwise deep contradictions may 
appear. 



A. General formalism 



x m = x m (s) + e^{s)p, X a (x, t) = X a (a), (2.6) 

where x m (s) turn out to be the coordinates of a (1+1)- 
dimensional point particle, (s) is the unit spacelike 
vector orthogonal to the world line. Hence, the initial 
action can be rewritten in new coordinates as 



S[X] = / L(X) A d 2 a, 



(2.7) 



and 



L(X) = -a ab d-X a d + X b - U{X), 



where d± — -%d s ± d p , and 

dx m 



A = det 



x 2 (l — pk), 



whereas k is the curvature of a particle world line 



Let us begin with the action of the following N- 
component 2D sigma model 



S[X] = J L(X)d 2 x, 



where the Lagrangian is given by 
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L(X) = ^-o ab d v X a d v X b -U(X), 



(2-1) 



(2.2) 



where a is a constant N x N matrix, Greek indices run 
from to 1, and a, b = 1, ...,iV. The corresponding 
equations of motion are 



a ab d v d v X b + U a {X) =0, 
where we have defined 

r/m- du{x) n (x)- d2u{x) 



(2.3) 



dX a 



dX a dX b ' 



Suppose, we have the solution which depends on the 
single combination of initial variables, e.g., the Lorentz- 
invariant one: 



k = 



(Vi 2 ) 3 



(2.8) 



where e mn is the unit antisymmetric tensor. This new 
action contains the N redundant degrees of freedom 
which eventually lead to appearance of the so-called "zero 
modes" . To eliminate them we must constrain the model 
by means of the condition of vanishing of the functional 
derivative with respect to field fluctuations about a cho- 
sen static solution, and in result we will obtain the re- 
quired effective action. 

So, the fluctuations of the fields X a (a) in the neigh- 
borhood of the static solution X^ (p) are given by the 
expression 



X a (a)=X^ (p)+SX a (a). 



(2.9) 



Substituting them into the expression (2/7) and consid- 
ering the static equations of motion for X„ s ' (p) we have 
(below we will omit the superscript "(s)" at X's for 
brevity assuming that all the values are taken on the 
solutions X^ (p)): 



X^(p)=X^ ( 7 (s -«*)), 7 = 1/V / T _ ^ 2 , (2.4) S[SX]=Jd 2 a 



— ( 2L + a ab d-6X a d + 6X b 



possessing localized Lagrangian density in the sense that 
the mass integral over the domain of applicability is finite 



U ab SX a SX b + A' a ab X al SX b + 0(SX 3 



pi 

J L(X^) dp < oo, 



(2.5) 



coinciding with the total energy up to the sign and 
Lorentz factor 7 (below the boundaries pi will be omitted 
for brevity). 

Let us change to the set of the collective coordinates 
{(To = s, o\ = p} such that 



S, (2.10) 



where S are surface terms (see below for details), 
L = --a ab X a 'X b ' - U, 

and prime means the derivative with respect to p. Ex- 
tremizing this action with respect to SX a one can obtain 
the system of equations in partial derivatives for field 
fluctuations: 
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(d s A~ 1 d s - d p Ad p ) 5X a + Aa ac U cb 5X b 



\P2 



-X a ' fcA 



O{SX 2 )=0, (2.11) 



which is the constraint removing redundant degrees of 
freedom, besides we have denoted the inverse matrix as 
a with raised indices. Supposing SX a (s,p) — k(s)f a (p), 
in the linear approximations pk <C 1 (which naturally 
guarantees also the smoothness of a world line at p — > 0, 
i.e., the absence of a cusp in this point) and 0(5X 2 ) = 
we obtain the system of three ordinary derivative equa- 
tions 



1 d 1 dk 

r 2 ds \/+2 ds 



i x 



ck = 0, 



-f a " + (< T ac U cb -c6 b 1 )f b + X C 



0, 



(2.12) 
(2.13) 



where c is the constant of separation. Searching for a 
solution of the last subsystem in the form (we assume 
that we can have several c's and thus no summation over 
a in this and next formula) 



fa=g a + —X' a , 



we obtain the homogeneous system 

-g a " + {a ac U cb ~c a 5 a b )g b = 0. 



(2.14) 



(2.15) 



Strictly speaking, the explicit form of g a (p) is not sig- 
nificant for us, because we always can suppose integra- 
tion constants to be zero thus restricting ourselves by the 
special solution. Nevertheless, the homogeneous system 
should be considered as the eigenvalue problem for ca's 
(see below). After resolving this eigenvalue problem and 
substituting the found functions SX a = kf a and eigen- 
values Ca back in the action (2.10), we can rewrite it in 



the explicit zero-brane form (omitting surface terms) 

S cS = ^ lass) + 5^ uct) = - J dsVi 2 " (/, + 4 0) fc 2 ) , 

(2.16) 

describing the nonminimal point-particle with curvature, 
where p is the value of the mass integral above, and 



a^ = \Jo ab X«>fdp=^-. 



(2.17) 



Let us recall the surface terms S in the action (pTTel) . in 
general case they are non-zero and give a contribution: 



S c ff 



ds* 



' x 2 (p + U\k + ct2k 2 + O^fe 3 ) 



where 



n i = on\' , ai = o a bX a / , 



~ _ £Ut rb 



Pi 



a 2 = c4 0) + a 3 - (p&i) 



l>-2 



in 



However, the natural requirement of vanishing of field 
fluctuations at the spatial boundaries leads to the can- 
celing of the terms co ntain ing k and k 3 . Thus, below we 
will regard the action ( 2.1 6| ) with S = as a basic one. It 
is straightforward to derive the corresponding equation 
of motion in the Frcnet basis 



1 d 1 dk 

i 2 ds yfx 2 ds 



1 



-k' 



0. 



(2.18) 



hence one can see that eq. ( [2.12p was nothing but this 
equation in the linear approximation with respect to cur- 
vature, as was expected. 

Thus, the only problem, which yet demands on resolv- 
ing is the determination of the concrete (eigen)value of 
the constant (s) c. It is equivalent to the eigenvalue prob- 
lem for the system ( 2.15[ ) under some chosen boundary 
conditions. If one supposes, for instance, the finiteness 
of g at infinity then the c's spectrum turns out to be 
discrete. Moreover, it often happens that c has only one 
or two admissible values if the effective potential is steep 
(e.g., of exponential type). In an y cas e, the exact value of 
c is necessary hence the system ( 2.15 ) should be resolved 
as exactly as possible. Let us consider it more closely. 
The main problem is the functions g a are mixed between 
equations. To separate them, let us recall that there exist 
N — 1 orbit equations, whose varying resolves the sepa- 
ration problem. Let us demonstrate this for the most 
important for us case N — 2. Considering Eq 
the varying of a single orbit equation yields 



(2.14) 



SX? 



X>_ 



5Xi X[ 



9i 



(2.19) 



hence the system ( 2.15| ) at N — 2 can be separated into 
the two independent equations 



g a 



K 

x< 



g a = o, 



(2.20) 



if one uses X al " = a ac U cb X . In this form it is much 
easier to resolve the eigenvalue problem. T heref ore, the 
two independent parameters for the action (2.16), p and 
c a , c an be determined immediately by virtue of cqs. (2.5) 
and ( |2.20| ). 

Thus, in this section we have constructed the effective 
action for the sigma model in the vicinity of a static solu- 
tion taking into account the field fluctuational corrections 
which eventually lead to the appearance of nonminimal 
terms in the action. 

Before we proceed to the next section let us answer the 
following related question which can arise: well, now we 
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have obtained some effective action which interprets the 
localized soliton/solitary-wave field solution as a parti- 
cle taking into account field fluctuations... Can we learn 
something useful from this interpretation in addition to 
the knowledge of this analogy itself? To answer it let us 
recall that the quantizations in the vicinity of the trivial 
vacuum (the classical ground state is zero or at least a 
constant) and in the vicinity of the nontrivial vacuum 
(the ground state - classical field solution - is some func- 
tion of coordinates) differ from each other: the latter 
is more complicated, first of all, because of the appear- 
ance of zero modes Therefore, to correctly quantize 
a field theory (sigma model, in our case) in the vicinity 
of such a nontrivial vacuum it is necessary to handle the 
above-mentioned features. The theory based on a ficld- 
to-particle transition does handle them all and in result 
yields the effective particle action which is eligible for 
further study including quantization. 



B. Hamiltonian structure and Dirac quantization 

The constructing of Hamiltonian and quantum pic- 
tures of the nonminimal theories is a separate large prob- 
lem. From the particle-with-rigidity action 



dsVx 2 { 1 + — k 2 
2c 



(2.21) 



and definition of the world-line curvature one can see 
that we have the theory with higher derivatives. Besides, 
the Hessian matrix constructed from the derivatives with 
respect to accelerations, 



M ab 



d 2 L cS 



dx a dx h 



appears to be singular that says about the presence of 
the constraints on phase variables of the theory. The 
constructing of Hamiltonian formalism and quantization 
of the quadratic-curvature model has been performed, 
reperformed or improved by many people |15-19|, see 
Chapter IVA of Ref. [|l9| for a recent state of the the- 
ory and details. Summarizing those results one can say 
that, despite the Hamiltonian picture of phase variables 
and constraints is more or less understood, some ques- 
tions, such as the reliable (unique) obtaining of the mass 
spectrum of such a non-minimal particle, remain to be 
open. 

At least, the two following problems seem to be pre- 
sented here. At first, there appears no uniquely defined 
Schrodinger equation and hence it is known no unique 
spectrum of eigenvalues. This is caused by the gauge 
freedom which arises at the constructing of the Hamilto- 
nian by virtue of the Dirac approach. When considering 
constraints on the phase variables we eventually have the 
following set of constraints (the definitions of Ref. [JL7| are 
used) 




(pr) 2 ]}«0, 



\J~F 2 -M 

where a = —c/ji and / > is some function which de- 
pends on a concrete gauge: e.g., / = y/l + q 2 corre- 
sponds to the proper-time gauge. This function does not 
affect the Hamiltonian picture but appears in the final 
Schrodinger equation (h = 1), 



-¥"(r) + 



1(1 + 1) n-Mf(r 2 ) 



! (1 



a(l 



#(r) = 0, 



where r = q/ \/—q 2 , f = f / \J — q 2 , M. is the total mass, 
I is the spin eigenvalue, a non-negative integer (half- 
integer? see the corresponding discussion and criticism 
by Plyushchay Jl7| of the Pavsic's paper from Ref. fill). 
At second, there is no clear understanding what is the 
difference between theories with positive and negative 
parameters a and /i, in particular, it is unclear at which 
values of those parameters we have the discrete spec- 
trum of M. and at which ones we have the continuous 
spectrum. In fact, it is also caused by the first problem, 
i.e., by the non-uniqueness of the Schrodinger equation in 
coordinate representation. It should be pointed out that 
there exists the rather different form of the Schrodinger 
equation |19| whose appearance was caused by slightly 
different (from Plyushchay's) way of constructing of the 
Hamiltonian with constraints. In this paper we will fol- 
low the latter approach because its eigenvalue structure 
is well-studied and confirmed both by numerical meth- 
ods and by comparison with others approaches. Besides, 
we are mainly interested in the quantum corrections to 
the canonical mass of a solution so in this connection we 
do the following. Referring a reader for details to the 
Chapter IVA of Ref. (TI| , we begin here with some ready 
results. 

Namely, it was shown that the first-order (with respect 
to Planck constant) corrections to the bare mass \i are 
given by the equation 



2e = y/B(B - 1) 



o(h 2 ), 



(2.22) 



where 



e = 8^ 2 A/c, A = 1 - M/fi, B = 

where all the values should be real (B should be posi- 
tive) to ensure the existence of bound states and hence 
to guarantee the stabi lity o f the quantum nonminimal 
particle. Further, Eq. (2.22) can be rewritten as 



A* 4V2 V A* 



o(h 2 



(2.23) 



Suppose first that c and n are positive. Then the ground- 
state eigenvalue of M. is given by A = 0, i.e., Mq = fi. 



5 



We have deal with small oscil lation s around a ground 
state hence expanding the Eq. ( 2.23 ) in the Taylor series 
in the vicinity of the ground state A = we eventually 
obtain the desired correction 



M 



= 1-4- 



a 2 {a 2 - 16) 
4 - 64a - 256 



<3(?i 2 A 2 ), c>0, (2.24) 



where a = \/2y% — y/c/jl. Note, here unlike Ref. pl| we 
are not needed in further approximations like 0[c/fi 2 ) 
etc. 

Now, what is happening when c < ? The firs t im - 
pression is that imaginary terms appear in Eq. ( 2.23| ) 
and break bound states. However, numerical simulations 
show that it is not s o. To demonstrate it analytically let 
us look at Eq. ( 2.22|) and recall that our theory is defined 
up to the sign of n (at least), therefore, the substitution 
fx = —\fi\ and c = — \c\ (keeping M. positive) changes 
nothing in Eq. ( 2.22| ) (note, the root in the R.H.S of this 
equation is defi ned u p to a sign) , and eventually we have 
instead of Eq. (|2.23|) the following one 



A - 



c| v / A _ T 



ImI 4v"2 



VA - 1 - 



I Ml 



= 0{h 2 ), (2.25) 



where A = 1 + A4/\/j,\. Note, now the ground state be- 
longs to the lower continuum A4q = — but the excited- 
state eigenvalue M. must be positive. In fact, it means 
that we can impose the near-ground-state ap proxim ation 
0(A 2 ) w (which was used to obtain Eq. (2.24)) only 
if — ^ 0. Then, keeping and \/\c\/fi finite, we 

obtain 



M 

I/' 



; a 2 (a 2 - 16) 
a 4 - 64a - 256 



<3(?i 2 A 2 ), c<0, (2.26) 



where a = \/2y 8 — ^/jc[/|/i| an d t ne values of c and /i 
are such that M. is positive (which is possible following 
the simple numerical estimations). Howev er, if is not 
small then the total mass is given by Eq. ( 2.25 ) resolved 
with respect to the total mass M.. 

Thus, we have ruled out the expressions for the first- 
order corrections to the total mass of a quantum particle 
with rigidity. It should be pointed out that this approach 
is indeed non-perturbative because all the formulae above 
cannot be obtained by virtue of the perturbation theory 
assuming small 1/c or /i. The details and other aspects 
arising at the "Hamiltonization" and quantization of the 
theory, such as the structure of constraints, spin inter- 
pretation and hidden SU(2) symmetry, can be found in 
Ref. M. 



III. NON-MINIMAL PARTICLES IN DILATON 
GRAVITY 

In this section we demonstrate how the above- 
mentioned formalism can be also applied to the two- 
dimensional gravity because the latter appears to be the 



special case of the considered sigma model. Let us con- 
sider the most general action of dilaton gravity 



Sdg[9, 



D(<t>)R g 



\m 2 



V{cj>) 
(3.1) 



where R is the Ricci scalar with respect to metric g llUl 
D and V are arbitrary functions. By virtue of the Weyl 
rescaling transformation g^ v = 
where f2 is such that 

dD dlnil _ 1 
d~4> d(f> ~ 4' 

we obtain the action with only one function of dilaton, 

v(0) = v(^))n- 2 (H$)), 

Sdg [9, ^ = ^lJ d 2 x^g $R- g + V(4>)] . (3.2) 

In the conformal coordinat es g uv — e 2 "?7p„ this action 
can be written in the form ( |2.l|) where N = 2 and 



S = k 2 S DG , cr ab = offdiag(-l,-l), 
X a = {4>, u}, U 



(3.3) 
(3.4) 



and therefore we can apply to dilaton-gravitational sys- 
tems all the machinery of the previous section. Namely, 
knowing the localized solution (if it exists, of course) it is 
supposed to perform the transition from the Liouville co- 
ordinates to the collective coordinates of the solution, get 
rid of zero modes, obtain the effective one-dimensional 
point-particle action with nonminimal corrections, and 
then quantize it in a standard way as a mechanical ID 
system. In practice, however, it is enough to know the 
localized dilaton-gravity solution and then everything is 
( alm os t) a utomatic due to the analogy given by Eqs. 

Thus, every static solution of the dilaton gravity can 
be described in terms of the quantum mechanics of non- 
minimal particles provided the conditions of the formal- 
ism above are satisfied. This opens the way of the 
uniform "Hamiltonization" and hence consistent non- 
perturbative quantization of any given dilaton gravity in 
the vicinity of the static solution, i.e., region with non- 
trivial vacuum. 



IV. SUPERGRAVITY O-BRANE SOLUTIONS AS 
NONMINIMAL PARTICLES 

In this section we consider 0-brane solutions of the gen- 
eral supergravity in arbitrary spacetime dimensions D. 
Distinguishing the two cases, dilatonic and non-dilatonic 
branes, we demonstrate on classical and quantum levels 
the examples of how the 0-brane solution of the gauged 



6 



supergravity above can be described in terms of the one- 
dimensional mechanics with rigidity if certain (very nat- 
ural and evident, such as the convergence of necessary 
integrals) requirements of the field-to-particle transition 
formalism are satisfied. 



and it is possible to perform th e Fr eund-Rubin compact- 
ification on S D ~ 2 of the action ( |4.3| ) to obtain the follow- 
ing effective gauged supergravity action 



S 



1 

2fc| 



d 2 x^g~e s * [R g + 1 {d^) 2 + A] , (4.7) 



A. Dilatonic brane 



where 



by 



The supergravity action in the Einstein frame is given 



1 



S = / d D x^ ~~G- 



R 



G< 



D-2 



1 



-flact>p2 



(4.1) 



2-2 ! 

where tfi is D-dimcnsional dilaton, F 2 = dA is the field 
strength of the 1-form potential A — A\jdx M , where 
index M runs from to D — 1 . 

Applying the electric-magnetic duality to this action 
one can interpret the action of the dilatonic 0-brane as 
being magnetically charged under the (D — 2)-form field 
strength Fb-2'- 



S = 



1 

2k D 



Rc — 



D-2 



2 (D - 2) ! 



e ~2a</>p2 



D-2 



(4.2) 



which after the Weyl rescaling to the dual frame G 
e - °-^G d MN can be rewritten in the form 



MN 



Sd = ^r J d D x v/^e 



R G * + 7 W) 2 



'2 (D-2)! D ~ 2 



(4.3) 



where 



= -a— -, 7 = 



D- V _ 4 



D-3' ' D-2 D-2 
In the dual frame the 0-brane solution is 



ds 2 d = H^ [-H-±dt 2 + dr 2 +r 2 dn 2 



D-2 I J 



e<f> = H -23- , F D - 2 = *(dH A dt), 



(4.4) 
(4.5) 



where H = 1 + (A/V)- " 3 and A = ^(D-2)+2^=|. In 

the near-horizon region the metric takes the AdS2 x S D ~ 2 
form |20|l: 



ds 2 d 



4(D-3) 



dr 



-) dr 2 + fi 2 dfl 2 D _ 2 . 



(4.6) 



A = 



D- 3 

A 



D-2 2 
D-3 ~ A 



After the Weyl rescaling = ^l^g^ ($ = e^) it 
takes the form of the action ( |3.2| ): 
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<f>R a + A<I> 1 -~ t/S2 



(4.8) 



hence in conformal gauge it also can be written as the 
special case of the sigma model (2.1), following Eqs. ( |3.2| ) 
- (|0|). Thus, 0-brane solution of the gauged supergravity 
above can be described in terms of the quantum mechan- 
ics of non-minimal particles as well. In turn it means that 
we can construct the Hamiltonian and quantum theories 
which properly take into account the fluctuations of all 
the acting fields including gravity. 

The static solutions of the system described by the 
latter action are well-known Ell 



ds 2 = - 



$ = VAx, 



-(a;\/A) e -2V / AM 
Q 

~(WaV-2VAM 
Q 
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dT 2 

-1 



dx 2 



(4.9) 
(4.10) 



where M is the diffeomorphism-invariant parameter as- 
sociated with the mass of solution: 



M 



Va 
2 



A(V$) 2 + -<5> e 
Q 



(4.11) 



If the black hole is formed then the event horizon appears 



at x H = $ ff /\/A = 



1 



2q 



M 



and the surface grav- 



ity (= 2ttTh) and entropy are given by 



VA 



2g 



M ' 

7x. 



1-1/e 



s = 



2lT 



2g 



M ' 

7x. 



(4.12) 



Thus, we have all the necessary formulae to study the 
non-minima l me ch anic s of any given dilatonic 0-branc: 



and (4.8) relate su per gravit y with 



expressions fl3.2|) - ( |3.4|) a r. 

the approach of Sec. |ll|, whereas Eqs. (4.9) and ( 4.10| ) 
give the desired solution. Un fortunately, for the case of 



general 7/<5 2 's the metric (4.9) cannot be rewritten in the 
conformal gauge in elementary functions, therefore, each 
special case requires a special treatment. Let us consider 
the two important examples, j/S 2 = 1 and 7/c) 2 = 0. 
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CGHS-reduced O-brane j/S 2 
Then we have 

D - 3 



7 = 4, 5 



-2, a 



D 



A = 



D 



(4.13) 
(4.14) 



and one can see that applying the transformation $ = 
e~ 2( ^, g^ v = e 2 ^g^ v the action (18) has the form of that 
of the CGHS model B 



S, 



CGHS 



1 

2fc| 



d 2 x y ^g~e- 2 't' [&Rg + A(d<f>) 2 + A] 



Then the static solution of the action (4.8) at -f/5 2 = 1 
is given by 



u s = C P + u , <f> s = A e c|p|+«o + $0j 



(4.15) 



where p = 7;(r — vt), 7;" 1 = y/l — v 2 and C < 0, Uo, 
$o = 2M, v are some constants. We assume the absolute 
value of p in <S> S to guarantee that the true dilaton (which 
is the logarithm of $ up to a coefficient) remains real. 

Before considering the field-to-particle transition let us 
clarify the global properties of this solution. The bar 
metric e Us rj^ is flat but the true metric, 



ds 2 = 



¥7< 



-dt l 



e c P 



dp 2 



(4.16) 



is not, and after the transformation p — » R = 
— ^ In ( (4Ve Cp + 4> ) can be written in the Schwarzschild- 
like form 



ds 2 = -^-(l-^ R ) dr 2 



(l - $ e^ fl 



C 2 



di? 2 



sing 



(4.17) 



-oo of either 



which exhibits the existence at -R, 
naked singularity or singularity under the horizon Rh = 
— In $o if 3>o > 0. It is necessary to point out that 
black holes a risin g in the theories like those described by 
Eqs. ( |3~2"| ) or seem not to be the true black 

holes because of the "semi-completeness" of the singu- 
larity p^] . Namely, all light-like extremals approach a 
singularity at an infinite value of a canonical parameter 
while time- and space-like ones hit a singularity at a fi- 
nite value. Thus, solution ( 4.15| ) describes either naked 
singularity or (quasi-)black hole depending on what is 
the sign of $0 hence if we are interested in solutions with 
positive <E> we must suppose the black hole case $ > 0. 
Finally, let us say some words about the value of C. If 
the black hole is formed and one calculates the surface 
gravity from the metric above by virtue of the naive Wick 
rotation argu ment and compares the result with that ob- 
tained from (4.12) at g = 1 then one can conclude that 



C = — 2/VA. However, below we will keep C unassigned 
for generality. 

Let us perform now the field-to-particle tran sition for 
this solution to obtain the action of the type ( |2.16|) re- 
membering that X a = {u, <f>} and signature of our metric 



rgna 

is opposite to that assumed in Sec. [lI|. T o obtain the first 
parameter p which is given by Eq. (2.5) we find that for 
our solution L(X S ) = 2Ae c l p l and hence 



2_A 



(4.18) 



To find the non-minimal coefficients 014 let us consider the 
correspo ndin g Sturm-Liouville eigenvalue problem. The 
system (2.20) takes the form (no summation over a) 



g^(z)-b a g a (z)=0, 



(4.19) 



where z = Cp, bi = c~ x jC and 62 = c^/C — 1. One 
can see that this system yield free modes and, there- 
fore, no bound states are formed on the (non-closed and 
infinite) axis of p's. In fact, the absence of any effec- 
tive interaction means that the particle action does not 
contain non-minimal curvature-dependent terms, and the 
CGHS-reduced O-brane is trivial in this sense. Another 
case, 7/i5 2 = 0, appears to be more non-trivial in this 
connection. 

JT-reduced case j/S 2 = 

In this case the bar m etric coincides with the phys- 
ical one, and the action (3.2) becomes that of Jackiw- 
Teitelboim gravity 



S= W 2 j d2x " / ~ gHRa 



A) 



(4.20) 



whereas the desired static solution is given by 
C 



l>), g„u = e""77^, (4.21) 
$ s = $ co tanh( v /c72|p|) , (4.22) 



where p = Ji(r — vt), 7^ = \/I — v 2 and C — 
2A 3 / 2 Af > 0, $oo = I $oo I sign (p) > 0, v are some con- 
stants. We assume the absolute value of p in <f> s be- 
cause of the same reason as in the previous case. Also 
similarly to the previous case we find that L(X S ) = 

-2C$ooSinh (jC~/2\p\} cosh" 3 [yfcj2 and hence 

the first coefficient for the action ( 2.16| ) is 



(4.23) 



To find the non-minimal coefficients cti let us consider the 
corresponding Sturm-Liouville eigenvalue problem. The 
system (2.20) takes the form 



-g'({z)- [2-2tanh 2 (z) + 6 1 ] 5l (z) -0, (4.24) 
-g'i{z) - [2 - 6tanh 2 (z) + b 2 ]g 2 (z) = 0, (4.25) 
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where z = y/ C/2 p and b a = 2cq/C. Using the asymp- 
totical technique described in Refs. Jl9],^4|,^5| we can find 
that the only solutions of the Sturm-Liouville bound- 
state problem are 

{gi — const cosh -1 (z) , cj = —C/2}, 

{gi = const tanh (z) , cj = 0}, 

{.92 = const sinh (z) cosh -2 (z) , c 2 = 3C/2}, 

{.92 = const cosh -2 (z) , c 2 = 0}. 

The solutions with zero eigenvalues should be omitted 
since they do not fulfil the requirements of the field-to- 
particle transition approach. The rest ones are good so 
the field solution {u s , $ s } can be viewed as the doublet 
superposition of the two particles with rigidity: 

51 = -liJ dsVi? (l - ifc 

5 2 = -fjtj dsVi^ (l + ^fc 2 ) , 

where p, is given by Eq. (|4.23|) . 

On the quantum le vel t hese particles should be treated 
as outlined in Sec. 



[IB 



e.g., the first-order quantum 
correcti ons to their masses are given for the particle Si 
by E q. (2.24 ) where c = 3C/2 and for t he pa rticle S 2 by 
Eq. (|2.25D where |c| = C/2 or by Eq. ( 0^) provided p 
is small. 



i. e., it can be reduced to t he form (3.2) - (3.4) hence 
(being gauged) to the form ( |2.l|) that means that its lo- 
calized static solutions can be interpreted as nonminimal 
particles as well (however, some subtle thing exists here 
so let us demonstrate the approach step by step). The 
corresponding equations of motion are 



Ra 



D 



D-2 



(5$) 2 



2V, 



3"$ 
IT 



(D - 3)(L> - 4)$"^ - — $ 5 



0, 



(4.30) 



V M V„$ , D 



2 



D-3 



3> 



+ 



0-4 Q 2 



= 0, (4.31) 



where $ = e Sv , S = — 2 and V means the covariant 
derivative with respect to the metric g. 

In this paper we are mainly interesting in 0-branes, 
moreover, in the near-horizon region. The D-dimensional 
0-brane solution is given by 



ds 2 = -H- 2 dt 2 + H— (dr 2 + r 2 dVL 2 D _ 2 ) , 
At = -H~\ 



(4.32) 



where H = 1 + (p/r) D 3 . In the near-horizon region 
spacetime becomes AdS 2 x S D ~ 2 and we have 



B. Non-dilatonic brane 



In this case <f> = and the action (4.1) becomes singu- 
lar. The true effective action for the non-dilatonic super- 
gravity is 



S 



Rg — 



1 



2-2 ! 



J? tpMN 



(4.26) 



where F is the field strength of the U(l) gauge field Am- 
Let us take the ansatz for the D-dimensional metric in 
the form 



G M Ndx M dx N 



dx»dx v 



(4.27) 



where fi, v = 0, 1, g^u and tp are functions of x v . If one 
assumes that the gauge field A is electric then resolving 
the Maxwell equation V ' mF mn = one obtains 



F 



-Qe 2v 



9, 



(4.28) 



where g = det (g^u) and Q is the constant related to the 
electric charge. Then the initial action after dimensional 
reduction on S D ~ 2 takes the following form 



2k 2 



d x s/—ge 



Ra 



£-3 

D-2 



(d V ) 2 



-[D - 2){D - 3)e~ 



(4.29) 



ds 2 = - - 



A t 



2(D-3) 



dt 2 



<r/H) D - 3 , 



dr 2 



p 2 dn 2 D _ 2 , 

(4.33) 



whereas tp becomes constant. 

Therefore, we will seek for those static solutions of 



Eqs. (4.30), (4.31) whose spacetime part has the desired 
AdS 2 x S°~ 2 form. One can check that the following 
pair, 



C 
A 



cosh 



(VC/2p), 
A/2 



9nv 

-1 l-D/2 



(D-3) 2 



(4.34) 
(4.35) 



where A = 2(D - 3) 2 



Cg-aKg-g) 



C is a positive 



constant and p is the same as in pr ev ious sections, ap- 
pears to be the solution of Eqs. ( 4.30 ), ( 4.31 ), besides the 
gravitational part has the desired AdS form R gs = A. 

Further, performing the Weyl rescaling {g, tp} — > 
{g, $} such that g^ v = $~"i/ s g^ v we can rewrite the 
action Q4.29| ): 



2k 2 



-g$[R- g +A(*)], 



(4.36) 



where 6 



-2, 7 /<5 2 



§_f, and 
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A($) = -$^-2 



5 O 2 ' 

(D - 2){D - 3)$~ - 



therefore, in the Liouville gauge g^ 
transformed action obtains the form 



e Us ?7 MI y the Weyl- 
II) where 



X 1 

X 2 



C/2 -<i>F^cosh- 2 



D-3 



[/ = A(X 2 )X 2 e 



2 „X X 



However, it turns out that the effective (sigma-model) 
Lagrangian vanishes on this doublet solution, therefore, 
the non-dilatonic brane in the near-horizon region cannot 
be described by the two-component sigma model. In fact, 
it is caused by the fact that the electric component of this 
solution happens to be constant in this region hence the 
whole solution can not be regarded as two-component. 

To construct the appropriate one-component effective 
action let us fix $ = <£>., rather than g^ Then in the Liou- 



ville gauge the remaining equation (4.30) can be written 
as the Liouville equation 



r j ' xv d tl d v u-Ke u = 0, 



(4.37) 



hence the appropriate one-component effective theory is 
the Liouville one. The field-to-particle transition for the 
Liouville theory was previously considered in Ref. ]25| so 
let us use the results obtained there. Defining 

(3 = 1/2, m = 2A, ( = mC = 2AC, S -> 2fc 2 S, 

we straightforwardly obtain the desired non-minimal par- 
ticle action 



S cS = -fi J dsVi 2 ^1 - 



A: 2 ^ 



(4.38) 



where /i = 2fcT 2 \/2AC. Finally, also we immediately 
obtain that the first-order quantum correction to the bare 
mass n is given by Eq. ( |2.25 ) (or by Eq. ( 2.26| ) if // — 0) 
where |c| = AC/2. 



V. DISCUSSION 

Let us enumerate the main aims achieved in the pre- 
vious sections. First, in Sec. [H] the field-to-particle tran- 
sition formalism was generalized for the sigma model. It 
was shown that the field fluctuations cause the appear- 
ance of the nonminimal curvature-dependent terms in a 
final effective action. Using it we performed the quanti- 
zation of the sigma model in the vicinity of the nontrivial 
vacuum induced by a certain soliton (solitary- wave) solu- 
tion of the model. Then in Sec. |l| it was demonstrated 
how one can directly apply the approach of Sec. |n| to the 
two-dimensional dilaton gravity in the Liouville gauge. 
Then the black hole solution which is the doublet con- 
sisting of graviton and dilaton components can be effec- 
tively interpreted as a massive point-particle with rigid- 
ity (curvature). Further, in Sec. IV the field-to-particle 



transition approach was applied to the supergravity 0- 
brane solutions in the near-horizon approximation. Also 
as in previous cases the final effective action appeared 
belonging to the class of non-minimal point-particle ac- 
tions, and again it has opened the way of uniform study 
of supergravity solutions. 

Completing the summarizing of the part one we would 
like also to outline something that goes behind the field- 
to-particle transition and field theory itself. Namely, the 
fact that the physically admissible solutions of so differ- 
ent field theories as the sigma model, dilaton and su- 
pergravity (which themselves are the reductions of more 
higher dimensional theories) eventually can be reduced to 
the description of the same object, non-minimal particle, 
can be read also "from right to left" . It may happen that 
it is not a mere coincidence: the point particles can be 
not only the end product but also the underlying base 
of modern high-energy theory even more fundamental 
than the strings. Indeed, being due to pointness geo- 
metrically simpler than a string the non-minimal parti- 
cle nevertheless has the rich mathematical structure due 
to self- interaction [pj. Then the hierarchy of this world 
would become even more natural: high- dimensional point 
particles are the base, strings can be regarded as the path 
trajectories of these particles, membranes (1-branes) are 
surfaces swept by strings, etc.; different types of strings 
are caused by existence of several paths of the same 
particle; other (non-fundamental) "point" particles are 
excited states of the string(s), and so on. The holo- 
graphic principle holds for the field-to-particle (string-to- 
particle) point of view as well: the string which has two- 
dimensional worldsheet space is described by the (non- 
minimal) particle whose worldvolume spacetime is one- 
dimensional. 

However, what is the concrete mechanism of how a 
point particle could yield the extended object like string 
or brane? In the part two we try to answer this question. 



VI. PART TWO: THE "MICROSCOPICAL" 
THEORY OF STRINGS AND BRANES 

When discussing the results of Sees, [n] - |y| in the pre- 
vious section it was conjectured that the hierarchy of this 
world "begins and ends" with the point particle. The aim 
of this section is to deepen and improve this conjecture 
by virtue of proposing of a concrete mechanism. 



A. Worldvolume holography: Transition from point 
particle to extended object via fuzzy state 

Let us begin with the simplest action of the bosonic 
point particle of mass fi in the D-dimensional spacetime 



Sp — 



-/'■ 



-X"X V , 



(6.1) 
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or in the root-free form 



77/z 



(6.2) 



where rj is the "einbein" - the auxiliary non-propagating 
field related to the one-dimensional metric of the parti- 
cle worldline (we follow the notations of the Polchinski's 
book H). 

Let us try to understand this action in the more general 
way. If one introduces the operator of the transport along 
a worldline - vector T such that 



T<°>= i.e., T<°> = 

OS 



( 1 
1 



\ 



V J 



>D-1 



(6.3) 



/ 



where the components of the column are taken on the 
space of the Frenet vectors corresponding to the parti- 
cle's worldline: = T^ a d a « = {T^ a ) v dX v where 
a" 1 , i = 1, D — 1, are the appropriate coordinates to- 
ward the directions orthogonal to the worldline. Then 
the action (|6 .2h can be equivalently rewritten as 



5„ 



ds 



V 



(6.4) 



The quantum uncertainty (the interaction between a mi- 
croworld object and a macroscopical device governed by 
Ti) and perhaps the classical chaos (the secular dynamical 
instability which leads to the uncertainty of trajectory at 
large As = s — so through the so-called "forgetting of ini- 
tial data" ) may a ffec t the transport vector and break the 
initial structure (6J3) down, 



T = UT^U' 1 , 



so in general case the transport is described by: 

° \ 



T (0) -► T = T a d„« , T = 



T 1 



(6.5) 



\ T n - L J 



where a = s, and T 1 , T D ~ X may happen to be non- 
zero (moreover, from now we will regard T's as the ma- 
trices whose properties become clear below - after Eq. 
(H), and 



dimjcr} < maxdimj cr} = dim{X} = D. 



(6.6) 



Replacing in Eq. (Q T<°) by T from Eq. O) we 
obtain the action of what we will call the fuzzy (matrix) 
particle 



5sccd 



Jdsr i - 1 {T a ,TP}d a X v dpX Ul 



(6.7) 



where it was imposed fi = (in fact, there was no need 
in n ab initio but we had to use it to make the considera- 
tions smooth), and of course d a — d a c . Besides, we have 
introduced the characteristic length of particle's path l p 
as a normalizing overall coefficient assuming instead the 
dimcnsionlessness of 77. 

The sense of the subscript at S will become clear below 
- the action we have obtained will appear to be the seed 
action for some forthcoming object. Indeed, the action 
of the latter can be obtained by the averaging of the 
seed action over all the deviations {a 1 , a ' 1 } - the 
averaged picture is the inevitable result of any procedure 
of measurement. So, 



S 



Jd* 1 ...d(T D - 1 y /- 1UD - 1 S l 



seed 



/ do x ...do D V~7i*-D-i 
= ~ J [dcj}^^d a X v d p X u , 



(6.8) 



da ... da ' 1 , the total 
1, besides 7i*d-i = 



where we have defined [da] = 
volume Vd = Vo*d-i = IpVuD 

det ±{T\ T k } (i, k = 1, ...,D - 1) is a function of a l, s, 
such that we obtain the effective worldsheet metric in 
the vielbein form j a ^\ 
or, shortly, 



= ±{r°,r>V-7i.D-iM 



(6.9) 



hence T"'s coincide with the gamma matrices generalized 
for curved spacetime | p7[ (for the most general expression 
for T's see Ref. [p8| ) and hence realize the Clifford alge- 
bra for the vielbein spacetime for which the Hilbert space 
forms representation. In general case 7"^ is not neces- 
sary a symmetric matrix - it can have an antisymmetric 
part if OX's do not commutate (for different reasons like 
the non-commutative geometry |29| or due to their con- 
traction with an antisymmetric tensor over pM indices); 
in view of aforesaid, the antisymmetric part is given by 
the (generalized) Dirac commutator S"' 3 = | [7° , 7^] . 

Be that as it may be, keeping in mind Eq. (f^q) we see 
that Smb describes the embedding (or the superposition 
of embeddings) of the total dimension maxdim{er} < D, 
and we will call it (them) the metabrane. Thus, the 
worldsheet metric of the metabrane is induced and gov- 
erned by the averaged set of all the possible path devia- 
tions of a quantum point particle. Besides, the number of 
metabrane's worldsheet dimensions can vary along with 
evolution but becomes fixed once the averaging (mea- 
surement) is performed, as in Eq. ( |6.8|). 

The proposed mechanism (S.2) — >(6.7) — >(6.8) should 



not be confused with the ideology of the matrix theory 
p4] |: despite that in the both cases the point-particle 
quantum mechanical paradigm is exploited there exists 
the huge difference between how these approaches act. 
Namely, matrix theory is the eleven-dimensional SYM 
QM possessing the symmetry U(N) which does not im- 
ply any "smearing" of the transport operator along the 
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single-particle worldline. Below it will be shown that 
there is nothing common also in the aims and final re- 
sults. 

Before we proceed to the special cases some conclu- 
sive comments are in order. The fact that we have ob- 



tained from the point particle (6.1) the extended object 
( |6.8[ ) just taking into account the uncertainty can be 
understood in the following way. Everyone intuitively 
understands that the real, i.e., non-bare, particle in D- 
dimensional spacetime is observed (= measured) as the 
(D — l)-dimcnsional "cloud" consisting of the particle's 
virtual paths and hence nothing prevents them from de- 
viating from the classical (averaged) trajectory governed 
by T(°) . Therefore, the real particle can be no more re- 
garded as a point object. However, it cannot be regarded 
also as a (deterministic) extended object unless we aver- 
age over all the possible deviations. Once we have per- 
formed the averaging we have obtained the extended ob- 
ject which can be considered "as is", i.e., independently 
of the underlying structure because it does possess the 
new set of the (collective) degrees of freedom. 



B. Special cases of metabrane: strings plus branes 
plus worldsheet fields 



The special cases of the split of the metabrane (6.S) 
are determined by the concrete features of how the trans- 
port vector (matrix, more correctly) is "smeared" . Let 
us glance over the most instructive of them. 

Single string. This case in some sense the first-order 
(averaged) correction to the bare point particle. If one 
supposes that uncertainty causes the transport toward 
the only one extra orthogonal direction, for dcfiniteness, 
a 1 in addition to the a = s one such that the deviation- 
induced metric 7 takes the form 



7 io 7 " 



(6.10) 



rest components are zeros, 7 ab and X a are functions of 



a a, s (a,b = 0, 1), then the metabrane (6 
grating other dimensions out reduces to 



after into- 



Sss = I da°da 1 ^/T b daX»d b X u . (6.11) 

V0*D-1 J 

This is almost the action of the (Brink-Di Vecchia- 
Howe-Deser-Zumino-) Polyakov string j}0|, the only 
thing which yet remains unclear is the overall constant. 
If one requires that the space {a , a 1 , a ^ 1 } has 
the following topology: Topology{cr° , cr 1 , ...,cr D_1 } = 
Topology {cylinder} x Topology {a 2 , a 3 , ..^a ^ 1 }, i.e., 
S 1 x R 1 x Topology {a 2 , a 3 ,..., a - 1 } then V *d-i = 
27r_R c haract'pV2*D-i, and we exactly obtain the Polyakov 
action 



Sss — 



47b / ^^V^T^aX^X^ (6.12) 



where the constant a' — i? c haract^p/2 is the Regge slope. 
One may wonder why so much attention was paid to the 
overall coefficient which is not very important for the 
classical dynamics of the string in the sense it does not 
appear in equations of motion? There are the two rea- 
sons we were led by. At first, we demonstrate how the 
global properties of an embedding generate the charac- 
teristic constant of this embedding. Second, such coef- 
ficients are overall only in the case of the single string 
whereas in the cases when we have a number of embed- 
dings they may play much more important role of cither 
weight or coupling constants. At least, they determine 
the characteristic length scale of an embedding: whether 
it belongs to the microscopical world or (running ahead) 
to the cosmological scale. 

Multiple strings: metabrane as "storage" place. Let 
us suppose now that the uncertainty affects all the com- 
ponents of the transport vector (matrix) but in such a 
way that 7 can be decomposed into the direct product of 
2x2 matrices of Lorentzian signature = 7? b fc (a l ,a k ), 
i =/= k. Correspondingly, the metabrane becomes split 
into the superposition of strings (or strings and parti- 
cles, in dependence on the structure and on whether D 
is odd or even). For the block-diagonal case, 



ab 
72*3 



V 



(6.13) 



we have from Eq. ( |6.8| ) the superposition of D/2 strings 
(D is assumed even) : 



>MB=£S 



^2 a 2i*2i+i / da 2l da 2l+1 ^-"f 2 i*2i+i 

i=0 ^ 



x^lii+idax^dbx^u, i = 2i,2i+l, (6.14) 

where x/^ is the position of the (i + l)th string, and it 
was imposed that the metabrane's X is decomposed into 
the sum: 

X^a a )=x1 Q) {a\a 1 )+xl 1) {a 2 1 a 3 ) + ... 

+x^_ l) (a D - 2 ,a D - 1 ). (6.15) 

The values of the weight constants a are determined 
again after integrating appropriate extra dimensions out 
by the topology of a split submanifold and its character- 
istic size: 

V2*3*...*D-l Vo*l*4*...*Z5-l , m~*n\ 

"o*i = — , "2*3 = — — 1 etc., (6.16) 



V *... t 



D-l 



Vb*...» 



D-l 



that is, they are, in fact, inverse volumes of embeddings. 

Some comments of how all this can be used should be 
done. Recently it is believed that the five consistent su- 
perstring theories due to the mutual dualities are the part 
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of some underlying M-theory. On the other hand, from 
the viewpoint of the proposed approach the metabrane 
plays the role of an absorbing theory because the strings 
(and, as will be shown below, branes) appears to be 
parts of it. If there exists the temptation to proclaim 
metabrane as the desired M-theory but it is not so: the 
M theory in its narrow sense |3l],|32| implies the 11D 
Poincare-invariant theory whose decoupling limit yields 
the 10-D closed oriented superstring IIA, whereas the 
metabrane itself is much less tricky: it is rather the "stor- 
age" place of several *-branes including strings; one may 
assume, however, that the string-string dualities can be 
regarded as the relations between the components of the 
metabrane. 

Further, in its turn the metabrane also has the underly- 
ing theory - the microscopical theory of a fuzzy particle 
from which it was obtained by virtue of the averaging 
(definitely, there appears some mishmash with the mul- 
tiple use of the word "microscopical" - strings themselves 
are microscopical objects). 

Worldsheet fields. The good question is how the world- 
sheet fields can arise from the metabrane's internal struc- 
ture. It was mentioned above that dilaton can be in- 
cluded into the structure of transport matrix p8| but 
what is about other fields? To answer it let us consider 
the appearance of the worldsheet curvature for t he case 
of the single string: assume the structure (3.10) but X 
is now complex (of course, in all the actions above the 
second X v is assumed to be replaced by its conjugation 
X* v )- 



X v (a a ) = x'V , a 1 ) + i R"(a°, a 1 ), 



(6.17) 



where x = $tX is the position of the string, R = ^sX 
appe ar to be additional degrees of freedom. The Eq. 
(5.8) after integrating other dimensions out yields 



Sss = 



V2 * D - 1 1 da°da 1 y/^r b (d a x»d b x p 



Vb*D-i 
+d a R v d h R v ), 



(6.18) 



and the latter term can be associated with the induced 
worldsheet curvature, 



— DaR^dbRy = — Rab, 

V *D-1 47T 



(6.19) 



where R a b is the Ricci tensor constructed from 7 a &, so 
that we eventually have the string with the induced 
worldsheet gravity 



da°da 1 ^(-^—r h daX v dbX v 



47T^ 



' b 



6=0,1. 



(6.20) 



The further generalizations ca n be done b y ana logy ex- 
ploiting the decompositions ( |6 .15 ) and ( 3.17 ). One 



may ask, however, is the capacity of the combination 
daR^dbRv enough to store all the information about the 
curvature? The answer is "yes" that can be confirmed 
by simple calculation of independent components. 

All together: the string-brane world. In general case, 
the metabrane can contain in addition to strings the 
branes of several worldsheet dimensions (throughout the 
paper we understand the branes in the most broad sense 
of Ref . |Q besides of the black hole p-branes and su- 
perstring D-brane solutions |35|]3lf l). The 3-branes are of 
special interest because of the anthropic principle and not 
so far proposed (Antoniadis-Arkani-Hamed-Dimopoulos- 
Dvali-Gogberashvili-)Randall-Sundrum cosmological sce- 
nario(s) ]3^-|40|]. The 3-brane can be separated when: (a) 
the metabrane's worldsheet metric can be decomposed 
into the form "4 x 4 metric times the rest" , and (b) X is 
split into the sum 

X"{o») = z>°, a 3 ) + i £ R v u) {a\ a 3 ) + {rest}, 

/ 

(6.21) 

where x is the position of the 3-brane, i?(/)'s are "square 
roots" of the worldsheet fields including the confined 
3-brane Standard Model (especially if one assumes the 
more realistic supersymmetric case described in the next 
section). The term "rest" means all other degrees of 
freedo m corresponding to strings (by analogy wi th Eq . 
( |6.15|) ), worldsheet fields (by analogy with Eq. ( |6.17| )) 
and their possible interactions between themselves and 
with 3-brane. Then the metabrane becomes the follow- 
ing superposition 

Smb = S3-b ranc ^'S'striiigs ~t~ 'S'worldsheet fields 

~t~ ^mutual interactions ) (6.22) 

hence one can see that the metabrane does contain both 
the microscopical embeddings (strings) and cosmological- 
scale ones (such as our 3-brane Universe): their char- 
acteristic sizes are encoded in the corresponding weight 
constants Q^*^*...*,^ which actually are th e inv erse vol- 



umes of the embeddings, like those in Eq. ( 6.16] ). When 
the 3-brane universe is small (the "early universe") the 
value of its weight constant is comparable with those of 
strings and decreases as the 3-brane expands. 

Finally, we must say about the varieties of the forma- 
tion of the string-brane world in addition to the simplest 
case described above, see Fig. [j] (al). Namely, despite 
the transition from particle to metab ran e is more or less 
unique due to the tough condition ([T^) or |2^] for the 
transport matrix but: 

(i) it is unclear how many fundamental particles we 
have: for example, in the column {(bl),(b2)] of subfigures 
of Fig. [l] everything starts with two point particles: one 
particle yields strings whereas another one produces a 
3-brane unlike the column [(al),(a2)]; this question is 
strongly related with the total number of dimensions D: 
in the case [(al),(a2)] the five strings and 3-brane can 
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be incorporated into the metabrane if its worldvolume 
dimension is not less than 4 + 5x2 = 14 that in turn 
assumes D > 14 whereas in the case [(bl),(b2)] we have 
the two metabranes whose worldvolume dimensions are 
respectively 4 and 5x2= 10 (for five strings) so D must 
be not less than ten; 

(ii) the mechanism of producing of worldsheet fields is 
non-unique: for example, in the row [(al),(bl)] the parti- 
cle yields the metabrane which in turn produces both the 
desired *-branes and worldsheet fields on them but noth- 
ing hinders us from assuming the initial particle having 
the worldlinc field which would directly induce the world- 
sheet ones as drawn in the r ow \(a 2),(b2)] rather than one 
uses the constructions like ( 6.17 ); 

(iii) the 3-brane and string are required by anthropic 
principle and gauge symmetry but yet there ex ists a lot 

(or, 



of several ways of th e split of the metabrane ( 3.. 
more precisely, ( |6.29 )) into the *-branes so it is possible 



that 0-branes and (p ^ 3)-branes do appear as well. 



not have fermions, and the best way to incorporate the 
fcrmions into the picture is supersymmetry. Also, it is 
desirable to regard the 3-brane as the supersymmetric as 
well: then the bosonic coordinates are where we live in 
whereas the fermionic part yields the Fermi sector of the 
confined Standard Model. 

So, below we will try to perform the particle-to-fuzzy- 
particle-to-metabrane transition for the supersymmetric 
point particle in D dimensions. Let us consider the one- 
dimensional (worldline) N — 1 supergravity plf given by 
the following superspace action of the massless superpar- 
ticle 



S P = - I dBdsK- l V e Y v V s Y v , 



(6.23) 



where 9 is the Grassmann coordinate, there is no spin 
connection hence the spinor covariant derivatives are 



d e + i0d a 



(6.24) 





FIG 



(A2) 

of the most characteristic ways of 
string-brane world formation. The dash-dotted line means 
subsequent applying of particle-to-fuzzy-particle "smearing" 
and fuzzy-particle-to-metabrane averaging procedures, the 
solid line means the way of how the metabrane's worldsheet 
metric is decomposed; "PP", "MB", "3-B", "S" mean re- 
spectively the point particle, metabrane, 3-brane, string, and 
"WLF" and "WSF" mean the worldline and worldsheet fields. 



and the superfields Y and A are the supersymmetric 
counterparts of the particle's position vector X and ein- 
bein rj, respectively, 



A = r\ + i0\- 



(6.25) 
(6.26) 



In the same manner as in Sec. VI A| we assume that 
the uncertainty causes the transport also toward the di- 
rections a 1 , i = l, maxdimja} — 1, orthogonal to the 
worldlinc: 



t<°> = a, 



T = 7 a d Q 



(6.27) 



where we have taken i nto account our knowledge about 
the forthcoming Eq. ( |6.9| ) and have neglected Ref. |||] 
for simplicity. Also for simplicity we assume that uncer- 
tainty does not cause the transport toward extra Grass- 
mann directions because eventually it would require the 
changes of the supersymmetry index N. 

Su bstitu ting all these formulae back into the initial ac- 
tion ( |6.23 ) and integrating over the Grassmann coordi- 
nate we eventually obtain the action of the fuzzy super- 
particle (cf. Eq. (O)) 



^sccd — ^ / 



ds 



^{~f a ,jP}d a X"d p X u 



p j V 



(6.28) 



C. Including fermions: supermetabrane 

The scheme given in the two previous subsections is 
quite general but some of its components need to be cor- 
rected. Namely, everything said before holds but the 
strings must be supersymmetric rather than bosonic be- 
cause the latter (a) do have tachyonic states, (b) do 



where we have redefined 

ip -> 2ip, q~ l x -> Xa7 a , V -> IpV, 

where first Greek letters run from to D a — \, D a again is 
the maximal number of the orthogonal directions toward 
which the uncertainty-caused propagation of a point par- 
ticle takes place. Averaging the seed action over all the 
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deviations a 1 in the spirit of Eq. ([Tg), we eventually 
obtain the following supermetabrane action 



S 



MB 



+2i^ 1 a d a i> v - ixt3j P J a d a X^ , (6.29) 



see the paragraph after Eq. (3.8) for corresponding no- 
tations. 

It i s stra ightforward to check that if the conditions near 
Eq. (6.10) are hold (assu ming t he analogous ones for the 
fermionic part) then Eq. ( |6.29 ) yields the superstring 



Ss = - 



^ J d<7 da 1 V=j(j ab d a X»d b Xv + 



(6.30) 



and it i s clea r that it is possible to repeat all the way 
of Sec. VI B, and eventually obtain the similar picture 
with the only exception: both the strings and, which is 
very important, 3-brane Universe do contain a fermionic 
sector now. 



VI 



Some final comments concerning the whole Sec 
are in order. One may ask the question what are the 
possible applications of this viewpoint (in addition to the 
physically clear but abstract construction justifying the 
use of extended objects in field theory). It definitely hard 
to completely answer this question at this stage but some 
significance can be already outlined. 

At first, this formalizm can be regarded as the unique 
procedure which is inverse to worldvolume reduction - we 
start with a point-particle and obtain branes of higher 
dimension including strings. Therefore, one may regard 
the proposed approach as the realization of the world- 
volume holography principle. In any case, it equips us 
with some kind of hierarchy (correspondence) between 
branes of different worldvolume dimensions. In its turn, 
this correspondence can be used for obtaining of valu- 
able information about embeddings. For instance, it is 
well-known that strings are renormalizable at the quan- 
tum level whereas other branes are not, therefore, one 
may do the following: study the string (classically or 
non-classically) then uplift its worldvolume dimension by 
means of the proposed approach so that the string will 
not be a string anymore and becomes a brane but then a 
solid piece of information about the new-born brane can 
be obtained from string theory. 

At second, as was established above the simplest 
bosonic and fermionic particles correspond respectively 
to the simplest bosonic and fermionic strings. It is an 
exciting question what kind of strings corresponds to 
more complicated models of particles such as those with 
worldline curvature, torsion (with higher derivatives, in 
general), with charges of several types, curved-space cor- 
rections, etc. 



At third (but of course not actually last), the question 
which is inverse to the previous one - what kind of parti- 
cles corresponds to the known five (I, IIA, IIB, heterotic) 
strings - is also of large interest in its own. Besides, it 
may happen (by analogy with the quantum-mechanical 
Matrix theory Jl^l ) that different strings originate from 
the only certain particle - this is, in fact, an alternative 
idea to that depicted in Fig. [I] where strings are the 
descendants of (meta)brane's "decay" . 



VII. CONCLUSION 

Let us overview now the whole paper. As was men- 
tioned above it can be divided into the two parts which 
are independent of each other for a first look. The 
first part (field-to-particle transition and its applications, 
Sees. [n]-[rv|) itself was discussed in Sees. | and [y] so here 
we will take a look on the part one only in relation to the 
part two. 

In the discussion of the first part it was conjectured 
that the point particle is not only the end product of 
field theory but also the justification of the string-brane 
approach. Then in the second part this conjecture was 
deepened: it turns out that the real point particle from 
the viewpoint of a macroscopic observation can look like 
the extended object and hence can be effectively de- 
scribed in terms of branes and strings. Then the 3-brane 
can be regarded as our Universe whereas strings describe 
gauge symmetry of quantum field theory. One may pic- 
torially imagine the picture which unifies these two parts 
and describes the role of each of them - Fig. ^. 

It is doubtless that a lot of work has to be done in 
future. In connection with the part one: the interesting 
question is what is the nonminimal noninteger-spin par- 
ticle. It seems that there exist two ways of how to treat 
it: (a) use the concept "noninteger-spin particles without 
spinors" Jl],|^| , or (b) construct the models of supersym- 
metrical nonminimal particles. The second task is to 
expand the field-to-particle transition formalism on the 
cases of higher spacetime dimensions and more compli- 
cated fields. It seems that the whole picture holds but 
details may differ. 

In connection with the part two: we have a lot of direc- 
tions for further studying and a number of unclear points, 
see the discussion at the bottom of Sees. VI B and VI C . 



Besides, there exists a number of additional questions. 
The first one is what is the number of dimensions of the 
spacetime where the fundamental particle lives. It is in- 
teresting that besides of the standard numbers 10 and 11 
it was proposed (for the case of a minimal fermionic par- 
ticle) the number 14 as a result of the purely spacetime 
realization of the symmetry group of the Standard Model 
50(1, 3) x U{1) x SU(2) x SU{3) times an additional ex- 
tracharge U(l) p3fl . The second question is about the du- 
alities and metabrane's internal content. Once we try to 
include the strings into the one metabrane what are the 
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place and role of the string-string dualities? Can they be 
regarded as the relations between the metabrane's com- 
ponents? Also, what is the explicit internal structure of 
the mctabrane? 



Particle 



uncertainty 



-W Fuzzy (Matrix) 
Particle 




moduli space 



MetaBrane 



FIG. 2. Everything starts from the bare point parti- 
cle; inevitable uncertainty under macroscopical measurement 
breaks the determinism and the particle becomes fuzzy (6.7), 
(6.28) from the viewpoint of a measurer; after averaging over 
the deviation states (in fact, this is what the procedure of 
a measurement does) we obtain the metabrane (6.8), (6.29) 
which has a varying number of worldsheet dimensions; the 
metabrane decays (see Fig. 1) into the superposition of 
*-branes including strings: the 3-brane yields our Universe, 
strings produce fields including gravity; eventually, physical 
field solutions after field-to-particle transition result in the 
nonminimal point particle(s), see Sees. IT- IV. It is clear that 
the initial particle and the resulting one (after a cycle) are not 
the same - this is graphically emphasized by lens distortion, so 
the latter (whose action contains the higher-derivative terms) 
perhaps begins the new cycle. The square boxes unlike the 
oval ones mean the deterministic embeddings. 
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Throughout the paper by the nonminimal particle we as- 
sume the spatially O-dimensional object whose action de- 
pends in general case on the world-line curvature (rigid- 
ity) k and torsion k: A = —fx J dsyJx l, x v F{k, k); other 
historical names, "elastica" and "zero-brane" , were re- 
jected to avoid confusing with the theory of elasticity 
and superembeddings, respectively. Those who wonders 
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